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Abstract 

The studies of the diboson production in pp collisions 
at 1.96 TeV performed by CDF and D0 collaborations 
at the Tevatron collider are reported in this paper. The 
diboson events are identified by means of both leptonic 
and scmi-lcptonic final states. The presented results use 
different statistical samples collected by the Tevatron up 
to 4.8 fb _1 . Measured production cross sections are in 
good agreement with Standard Model predictions and 
the limits on the anomalous triple gauge boson couplings 
are competitive with those measured by experiments at 
the Large Electron- Positron collider (LEP). 

1. Introduction 

Measurements of the associated production of two vec- 
tor bosons (7, W, Z) are important tests of the elec- 
troweak sector of the Standard Model (SM). The pro- 
duction of a diboson final state (Fig. [lj) can occur by 
particlc-antiparticlc annihilation (i-channel) or by boson 
self-interaction (s-channel). This kind of final state rep- 
resents a unique probe for the triple gauge boson coupling 
(TGC). Vector boson self-couplings are fundamental pre- 
dictions of the SM resulting from the non-Abelian nature 
of the SU(2)l x U(l)y gauge symmetry theory, which 
was firstly demonstrated by precision measurement of 
W+W~ and ZZ pair production at LEP II [J. Ob- 
serving TGCs not permitted in the SM or with different 
intensity with respect to the SM predictions, would be a 
sign of new physics. A summary of the different TGCs 
is reported in Table [Li 

The VWW vertices are completely described by 14 in- 
dependent couplings, 7 each for ZWW and jWW pro- 
cesses. Assuming C and P conservation and electro- 
magnetic gauge invariance, the number of independent 
parameters can be reduced to 5. A common adopted set 
<?f ), where « 7 = k,z = 9i = 1 and 
in the SM at tree level. Using constraints 
due to gauge invariance, kz and Xz can be expressed as 
a function of the other parameters and the weak mixing 



iS (/v*y, 

A 7 = X z = 



Kz, A 7 , Xz, 



angle 6w as: nz 



9? 



(k 7 — 1) tan (9w) and Xz = X 1 



A common formulation to report the independent 
parameters describing the TGC in VWW vertices is 
(Ak 7 , Agf , A 7 ), where Ak 7 = k 7 — 1 and Agf = gf — 1. 

Deviations from the SM prediction for the Z77* and 
Z'yZ* couplings may be described in terms of 4 param- 



Table 1. Summary of the triple gauge boson couplings. 



Coupling 


Final state 


vww (v - z,i) 


W^ Wy 

W^rWZ 


Not present at LEP 


7 -+WW 
Z^tWW 


LEP and Tevatron 


Z77* and Z-yZ* 


7*— > Z7 
Z7 


Absent in SM 


ZZ-y* and ZZZ* 


7*^ ZZ 
Z*^t ZZ 




Fig. 1. Diboson production via particle-antiparticle annihila- 
tion (t-channel) on the left, and via boson self-interaction 
(s-channel) on the right. 



eters each, h\ (i = 1,..,4), respectively for V = 7 
and V = Z. All these anomalous contributions to the 
cross section increase rapidly with the center-of-mass 
energy In order to ensure unitarity, these parameters 
are usually described by a form-factor representation, 
hf (s) = hY /(l + s/A 2 )™, where A is the energy scale 
for the manifestation of a new phenomenon and n is a 
sufficiently large power. Usual values adopted for A in 
the presented results are 1.5 TeV and 2 TeV. 

Deviations from the SM prediction for the ZZj* and 
ZZZ* couplings may be described in terms of 2 param- 
eters each, fV (i = 4,5), respectively for V = 7 and 
V = Z. 

All the couplings hf and /• are zero at tree level in 
the SM. 

2. Methods 

All the presented analysis have been performed uti- 
lizing the data collected by the CDF and D0 detectors 
installed at the Fermilab's Tevatron, an accelerator capa- 
ble to collide proton with antiproton at a center-of-mass 
energy y/s = 1.96 TeV and an instantaneous luminosity 
C = 3 • 10 32 cm~ 2 s" 1 . Both CDF and D0 are gen- 
eral purpose detectors, cylindrically symmetric around 
the beam axis which is oriented as the z direction. The 
polar angle 9 is measured from the origin of the coordi- 
nate system at the center of the detector with respect to 
the z axis. The pseudorapidity, transverse energy and 
transverse momentum are defined as rj = — lntan(#/2), 
Et = Esm{6) and px = psm(6), respectively. Detailed 
descriptions of the features of the two detectors can be 
found in [2] and [3|. 

Several combinations of the W ± and Z bosons decay 
channels are utilized to reconstruct the diboson events. 
High-pT electrons and muons are widely used in the re- 
construction of the vector bosons candidates because of 
the clear signatures provided in an hadronic environ- 
ment. Neutrinos arc identified evaluating the missing 
transverse energy (ffx) m the event. The missing Et is 

defined by $t = -9t = ~Ei-^T n i' where fii is 

a unit vector perpendicular to the beam axis and point- 
ing at the i th calorimeter tower. The index i runs over 
all the calorimeter towers with an energy deposit over a 
minimum threshold. 

An anomalous TGC can affect both the production 
cross section and kinematics observables of the diboson 
final states. The pt or Et distributions of fully recon- 
structed candidate bosons or of the charged leptons from 
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boson decays are utilized to extract limits on the TGC 
parameters. These distributions are compared with MC 
predictions for different set of coupling constants in order 
to evaluate 95% C.L. limits. 

3. Results 

The CDF and D0 collaborations are producing many 
competitive measurements in the diboson sector. In the 
following the most updated results are presented. Only 
peculiar features will be discussed. 



3.1. Zq 

The measurement of the cross section for the pro- 
duction of Z^j events, with the Z boson decaying in 
two neutrinos and the photon with Et > 90 GeV and 
\rj\ < 1.1, has been performed by the D0 collaboration 
using a sample of data corresponding to an integrated 
luminosity of 3.6 fb -1 [3]. The analysed events have 
been collected with a trigger from a set of high- Et sin- 
gle EM-cluster triggers, which are (99 ± 1)% efficient 
for photons of Et > 90 GeV. The events selection re- 
quires also the presence of a single photon candidate 
and Et > 70 GeV. The background to the 7+ Et sig- 
nal is mainly due to misidentified W or Z events and 
to events in which muons from the beam halo or cos- 
mic rays undergo brcmsstrahlung and produce energetic 
photons. This non-collision background is reduced using 
a pointing algorithm which utilizes the transverse and 
longitudinal energy distributions in the electromagnetic 
(EM) calorimeter and central preshower detector, to esti- 
mate the position of production vertex (zem) along the 
beam direction [z axis). The algorithm assumes that 
given EM showers are initiated by photons and utilizes 
the distance of closest approach of the direction of the 
EM shower to the z axis. Selected events are required to 
have \zem — zy\ < 10 cm, where zy is the z position of 
the reconstructed primary vertex of the event. 

After applying all selection criteria 51 candidate 
events are observed, with a predicted background of 
17 ± 0.6(stat.) ± 2.3(syst.) events. The measured cross 
section for the production of Z^y events with Z — > vv 
and the photon with Et > 90 GeV is: 

a = 32 ± 9{stat. + syst.) ± 2(lumi.) fb 

This result is in good agreement with the next-to-leading 
order (NLO) prediction of 39±4 fb. The statistical signif- 
icance of this measurement has been estimated perform- 
ing 10 8 background-only pseudo-experiments: the p- 
value is evaluated as the fraction of pseudo-experiments 
with an estimated cross section above the measured one. 
This probability is found to be 3.1 • 10~ 7 , which corre- 
sponds to a statistical significance of 5.1 standard devia- 
tions, making this the first observation of the Z7 — > vu^/ 
process at the Tevatron. 

The limits on the anomalous triple gauge couplings 
(aTGC) are evaluated comparing the photon Et spec- 
trum in data with that from the sum of the background 
and the predicted signal for each pair of couplings 
for a grid in which h^ runs from -0.12 to 0.12 with 
a step of 0.01 and h\ runs from -0.08 to 0.08 with 
step of 0.001. The MC samples are generated with a 
leading order (LO) Zj generator (corrected for the NLO 
with an i?T-dependent if-factor) for the form-factor 
A = 1.5 TcV. The resulting one-dimension limits in the 

< 0.036, \hj \ < 0.0019, 
< 0.0019. To further improve the 
sensitivity these measurements are combined with the 
limit evaluated for the Z7 — > llj (I = e, fj.) channels on 



neutrino channel alone arc \hj 



|/if | < 0.035, 
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Fig. 2. Photon Et distribution in data, compared with the sum 
of backgrounds, the sum of MC signal and background for the 
SM prediction (solid line) and for the aTGC prediction with 
hj = 0.09 and hj = 0.005 (dashed line). The shaded band 
corresponds to the ±1 standard deviation total uncertainty 
on the predicted sum of SM signal and background. 



a 1 fb -1 data sample, previously analysed [5] by the D0 
collaboration. The combination of all three channels 
yields the most stringent limits on the aTGC set at 
a hadron collider to date, reported in Table The 
limits on the h^ , and hj a couplings improve on the 
constraints from LEP II, and are the most restrictive to 
date. 



Table 2. One-dimension 95% C.L. limits obtained by the D0 
collaboration in the analysis of the ZZf and Z-y-y couplings. 



Parameter 


95% C.L. 


1^0 1 


(-0.033, +0.033) 




(-0.0017, +0.0017) 


\hio\ 


(-0.033, +0.033) 


\hi \ 


(-0.0017, +0.0017) 



(a)Zyy 


D0, 3.6 lb" 1 


0.005 


(b) ZZy 


D0, 3.6 flf 1 
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3. Two-dimensional bounds (ellipses) at 95% C.L. on CP- 
conserving Z-y-y (left) and ZZ'y (right) couplings. The crosses 
represent the one-dimension bounds at the 95% C.L. setting 
all other couplings to zero. The dashed lines indicate the 
unitarity limits for A = 1.5 TeV. 
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Fig. 4. Transverse mass distribution of the reconstructed 

boson (upper), and transverse energy distribution for the can- 
didate photon (lower). 



3.2. 

The measurement of the cross section for the associ- 
ated production of W and 7 bosons has been performed 
by the CDF collaboration on a data sample correspond- 
ing to 1 lb" 1 0. 

The W boson is reconstructed utilizing its decay in 
electron and neutrino or muon and neutrino. The 
W — > ev events are selected requiring a candidate elec- 
tron with E T > 25 GeV and \r)\ < 1.1, and E T > 25 
GeV, while the W — > fiv events are selected requiring 
a candidate muon with px > 20 GeV/c and \rj\ < 1.1, 
and fir > 20 GeV. Furthermore the transverse mass 
(Mt) of the candidate W boson is required in the range 
30 < M T < 120 GeV/c 2 . The candidate photons must 
have Et > 7 GeV and |?/| < 1.1. The distribution of the 
transverse mass of the candidate W boson and of the 
transverse energy of the candidate photon are compared 
in Fig. 23 with the simulation expectation. 

The measured cross section for the production of Wj 
events, with the W boson decaying in ev or [iv and the 
photon with E T > 7 GeV is: 

cr = 18.03 ± 0.65(stat.) ± 2.55(sys) ± 1.05(Zwra.) pb. 

This result is in good agreement with the SM prediction 
of 19.3 ± 1.4 pb. 

An analysis using analogous techniques and performed 
by the D0 collaboration on a data sample correspond- 
ing to 162 pb" 1 [7] evaluated 95% C.L. limits on WWj 
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Fig. 5. Transverse energy distribution of the reconstructed pho- 
ton (upper), and comparison between one-dimension and 
two-dimension limit at 95% C.L. on the aTGC paramenters 
for the WW-f coupling (lower). 



aTGC. The limits are extracted from the comparison 
of the Et distribution of the candidate photon with 
the theoretical predictions as a function of the coupling 
parameters. The measured limits at 95% C.L. are re- 
ported in Table [3] and the comparison with the two- 
dimensional limit is reported in Fig. [5] 



3.3. WW 

The measurement of the production cross section of 
WW events in pp collisions has been performed by the 
CDF collaboration on a data sample corresponding to 
3.6 fb" 1 0. 

The events are reconstructed using the decay chain 
W + W~ — > l + vl~ v , where I = e, fi, r, with final states 
e + e~, /-t + Ai _ and e fj,^, and acquired with high-p^ elec- 
tron or muon triggers. Several processes contribute to 
the background: Drell-Yan where the measured large E^t 
is due to resolution tails, WZ —J- lllv where one lepton is 
lost, it — > bbllvv, and W"f and M^+jets where a photon 
or jet is misidentified as a lepton. The majority of WW 
events have zero jets, and as the jet multiplicity increases 
the backgrounds change (e.g. tt becomes a larger con- 
tribution with increasing jet multiplicity). Events with 
reconstructed jets with Et > 15 GeV and \r]\ < 2.5 are 
rejected. To suppress the Drell-Yan background, dielec- 
tron and dimuon events are required to havci^rspec > 25 
GeV and $Ts V ec > 15 GeV for electron- muon events, 



Table 3. One-dimension 95% C.L. limits obtained by the D0 
collaboration in the analysis of the production. 



Parameter 


95% C.L. 




(-0.88, +0.96) 
(-0.20, +0.20) 
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Fig. 6. Likelihood ratio distribution for data compared with fit- 
ted signal and backgrounds templates and with the nominal 
MC prediction. 



where I$t spec is defined as: 



VTspec 



$rsin(A<^r,U)) 



if Acf, 
if 



T,l,j) < 



This definition is a requirement that I$t transverse to 
each lepton or jet in the event is greater than the min- 
imum threshold if i^r points along that object, so that 
losing energy from just one such object in an event would 
not allow it to enter the sample. Furthermore, in or- 
der to suppress the heavy flavor contribution, the invari- 
ant mass of the two selected leptons is required to be 
Mi+i- > 16 GeV/c 2 . 

To measure the WW production cross section, a ma- 
trix element probability for each event to be a WW event 
has been calculated. This probability is used to build a 
likelihood ratio discriminant, and the normalization of 
WW process is extracted by a fit, using MC templates. 

The cvent-by-event matrix element probability density 
Pm{x bs) is defined for the four processes (m) WW, ZZ, 
W'y and VF+jets, as: 



Pmi^obs) — 



1 



< cr m > 



dy 



e(y)G(x obs ,y)dy (1) 



where 

•Fobs 

V 

<y) 

G{x obs ,y) 



are the observed "leptons" and-^T, 

are the true lepton four- vectors (include 

neutrinos), 

is leading-order theoretical calculation of 
the cross-section for the process m, 
is total event efficiency x acceptance, 
is an analytic model of resolution effects, 
is the normalization. 



Since the neutrinos are not reconstructed, the unob- 
served degrees of freedom (DOF) arc integrated out in 
equation (JT|), reducing the number of the DOF to eight, 
measured in the selected events. 



The event probability densities are used to construct 
a likelihood ratio discriminant: 



LRww(Xobs) 



Pww(xobs) 



Pww(Xobs) + J2i hPi{Xobs) 



where fcj is the expected fraction for each background, 
with J2i h = 1- 

A binned maximum likelihood method is used to ex- 
tract the WW cross section using the shape of the 
LRww distributions for signal and backgrounds along 
with their estimated normalizations and systematic un- 
certainties. The likelihood function is formed from a 
product of Poisson probabilities for each bin in LRy/w 
distribution (Fig. [Q. Additionally Gaussian constraints 
are applied for each systematic indetcrmination Sc 0- 
The likelihood function is defined as: 



IT 

c 



(2) 



where n, is the number of data events in the i-th bin and 
[ii is the total expectation for the z-th bin, given by: 



E 



U(l + fgSc) 



l c 



{N E XP) 



(3) 



This formulation includes the proper correlation of 
the different systematic uncertainties. In equation ([3]) 

(N k xp )i and f£ are the expected number of events in 
the i-th bin and the fractional uncertainty associated 
with the systematic Sc for the process k. The param- 
eter a.k is the ratio between the measured cross section 
and the predicted one: it is freely floating for the WW 
process and is fixed to 1 for all other processes. 

The measured cross section for the production of WW 
events is: 



a(pp -> WW) 



12.1 ±0.9 {stat.) til (syst.) pb 



This is in good agreement with the theoretical predic- 
tion cr(pp -> WW) = 11.66 ± 0.70 pb and is the best 
measurement to date of the production cross section of 
the pp WW process. 

The pt distribution of the leading lepton for each se- 
lected event is used to extract 95% C.L. limits on the 
ZWW and ^WW aTGC parameters. The measured 
limits are reported in Table [471 

The D0 collaboration analysed the WW production 
[9] in a data sample corresponding to 1 fb _1 , utilizing the 
final states described above, with competitive results for 
both the production cross section measurement and the 
aTGC limits evaluation. The measured cross section: 

a(pp -> WW) = 11.5±2.1 {stat. + syst.) ±0.7 (lumi.) pb 

is consistent with the SM expectation of 12.0 ± 0.7 pb. 
To enhance the sensitivity to anomalous couplings se- 
lected events are sorted according to both leading and 
trailing lepton px into a two-dimensional histogram. 
For each bin the selected number of WW events pro- 
duced is parametrized by a quadratic function in three- 
dimensional (Ak 7 , A 7 , Agi ) space or two-dimensional 
(Ak,A) space, as appropriate for the TGC relationship 
scenario under study. In the three-dimensional case, 

'Details about the systematic uncertainties can be found in [8] 
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7. Transverse momentum distribution of the leading (left) 
and trailing (right) lepton for the candidate WW events, com- 



bined for all channels (e -1 



+ e^jurF). Data are 



compared to the estimated signal and background sum, using 
cr(pp toWW) = 12 pb. 



coupling parameters are investigated in pairs, with the 
third parameter fixed to the SM value. A likelihood 
surface is generated by considering all channels simul- 
taneously, integrating over the signal, background, and 
luminosity uncertainties with Gaussian distributions us- 
ing the methodology described in [5] . The measured one- 
dimension 95% C.L. limits for A = 2 TeV are reported 
in Table |4] 

Table 4. One-dimension 95% C.L. limits for A = 2 TeV obtained 
by CDF and D0 collaborations in the analysis of the WW 
production. 



Parameter 


CDF 


D0 




(-0.57, +0.65) 
(-0.14, +0.15) 
(-0.22, +0.30) 


(-0.54, +0.83) 
(-0.14, +0.18) 
(-0.14, +0.30) 



3.4. wz 

The measurement of the production cross section of 
WZ events in pp collisions has been performed by the 
CDF collaboration on a data sample corresponding to 
1.9 fb" 1 [10]. 

The events are reconstructed in final states with three 
charged leptons WZ — > Vvll, where I = e,fi, and ac- 
quired with high-pT electron or muon triggers. 

The WZ candidates are selected from events with 
three identified leptons. In order to enhance the signal 
acceptance, looser selection criteria are adopted for non- 
leading leptons. Aside from WZ production, other SM 
processes that can lead to three high-py leptons include 
dilcptons from Drcll-Yan Z/^j* process with an addi- 
tional lepton from a photon conversion (Zj) or misiden- 



Table 5. Summary of signal and background events expected 
for WZ V vll process, in a 1.9 fb" 1 data sample, analysed 
by CDF collaboration. 



Source 


Expected ± Stat ± Syst ± Lumi 


Z+jets 


2.45 


± 0.48 ± 0.48 ± 


0.00 


ZZ 


1.53 


± 0.01 ± 0.16 ± 


0.09 


Zl 


1.03 


± 0.06 ± 0.35 ± 


0.06 


tt 


0.17 


± 0.01 ± 0.03 ± 


0.01 


WZ 


16.45 


± 0.03 ± 1.74 ± 


0.99 


Total 


21.63 


± 0.48 ± 2.25 ± 


1.15 


Observed 
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Fig. 8. $t distribution of the candidates ZW events (upper); 
the red line indicates the signal region. In the lower plot is 
reported the pt distribution of the candidate Z; the selected 
data events are compared with the MC expectation for SM 
TGC, and for three aTGC hypothesis. 



tificd jet (Z+jets), ZZ where only three leptons are 
identified, and a small contribution from tt production. 
Aside from tt, these backgrounds are strongly suppressed 
by requiring I$t > 25 GeV in the event, consistent with 
the unobserved neutrino from leptonic decay of a W bo- 
son. Furthermore the azimuthal angle between the I^t 
direction and any identified jet with Et > 15 GeV or 
WZ candidate lepton, is required to be greater than 9° 
to suppress Drcll-Yan backgrounds in which the observed 
lS due to mis-measured leptons or jets. At least one 
same-flavor, opposite-charge lepton pair is required in 
the event with an invariant mass Mi+i- in the range 
[76,106] GeV/c 2 consistent with leptonic Z boson de- 
cay. If more than such pair is identified in the event, 
the one with M;+;- closest to the nominal Z mass, is 
selected as Z boson decay candidate pair. In order to 
suppress the background from ZZ production, the event 
is rejected if the invariant mass of the lepton not selected 
in the Z candidate combined with any additional track 
with pt > 8 GeV/c is in the range [76, 106] GeV/c 2 . 

The IfiT distribution for the ZW candidates is shown 
in Fig. while in Table I5T1 is reported the comparison 
between the number of observed and expected events. 
The measured cross section for the production of ZZ 
events is: 



a(pp WZ) = 4.31- (stat.) ± 0.4 (syst. + lumi.) pb 
in agreement with the NLO prediction 
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Fig. 9. Distribution of the selected events in the signal region. 
The invariant mass of the two selected couples of leptons is 
required to be in (76 — 106) GeV/c 2 , for the Z candidate 
closest to the nominal Z mass, and in (40 - 140) GeV/c 2 for 
the other Z candidate. 



a NLO (pp^ WZ) = 3.7 ±0.3 pb. 

The pt distribution of the candidate Z for each se- 
lected event (Fig. [57]) is used to extract 95% C.L. limits 
on the WW Z aTGC parameters. The measured limits 
are reported in Table [txl 



shown in Fig. [§3 while in Table \7~\ is reported the com- 
parison between the number of observed and expected 
events. The production cross section for ZZ events is 
evaluated according to: 



N, 



obs 



N, 



br.k 



C-e-B 



where e is the total efficiency, B is the ZZ — > l^^aKK 
branching fraction, N ^ s the number of observed events, 
Nf,ck the expected number of background events and C 
the total integrated luminosity. The measured cross sec- 
tion is: 

a(pp -> ZZ) = 1.56±g;|§ (stat.) ± 0.25 (syst.) pb 

in good agreement wit h th e previous measurement done 
by CDF [12] and D0 [13] collaborations, and with the 
theoretical expectation a th (pp — > ZZ) = 1.4 ± 0.1 pb. 

The statistical significance of the measurement is 5.70 
standard deviation, and it is calculated evaluating the 
probability to have a number of events equal or greater 
than than observed as a fluctuation of the estimated 
background. 

The analogous analysis performed by D0 collabora- 
tion on a data sample corresponding to 1.7 fb -1 [13], ob- 
serves 3 events with an expected background of 0.14+QQ2 
events. The significance of this measurement is 5.3 stan- 
dard deviations. The combination of this result with the 
measurement in the channel ZZ — > vv increases the 
significance to 5.7 standard deviations and measures a 
combined cross section 



Table 6. One-dimension 95% C.L. limits for obtained by the 
CDF collaboration in the analysis of the ZW production. 



o{pp^r ZZ) = 1.60 ±0.63 (stat.) (syst.) pb. 



Parameter 


A = 1.5 TeV 


A = 2.0 TeV 


Ak z 
\z 
Afff 


(-0.81, +1.29) 
(-0.14, +0.15) 
(-0.14, +0.25) 


(-0.76, +1.18) 
(-0.13, +0.14) 
(-0.13, +0.23) 



3.6. WV 

The measurement of the production cross section of 
WZ and WW events in pp collisions utilizing the decay 
channel WV -+ Ivjj has been performed by the CDF 
collaboration on a data sample corresponding to 3.9 fb -1 



3.5. ZZ 

The measurement of the production cross section of 
ZZ events in pp collisions has been performed by the 
CDF collaboration on a data sample corresponding to 
4.8 fb" 1 [EE]. 

The events are reconstructed in final states with four 
charged leptons ZZ -+ It^a^bK ' ■> wnere l a , h = e, /i, and 
acquired with high-pr electron or muon triggers. The 
main source of background is given by events Z+jets or 
7+jets, in which the jets are reconstructed as leptons. 
In order to enhance the signal acceptance, looser selec- 
tion criteria are adopted for non-leading leptons. The 
distribution of the observed events in the signal region is 



Table 7. Summary of signal and background events expected for 



ZZ — > la l a process, in a 4.i 

by CDF collaboration. 



fb data sample, analysed 



Signal 
Z(7)+jets 


4.68 ± 0.02 (stat.) 
0.041 ± 0.016 (stat.) 


± 0.76 (syst.) 
± 0.029 (syst.) 


Total expected 


4.72 ± 0.03 (stat.) 


± 0.76 (syst.) 


Observed 


5 





In the sample of events acquired with high-p^ electron 
or muon triggers, candidate events are reconstructed re- 
quiring a well identified lepton (e or p), I$t > 25 GeV, 
consistent with the unobserved neutrino from leptonic 
decay of the W boson, and two jets with Et > 20 GeV. 
Furthermore the hadronic boson candidate is required 
to have an invariant mass in the range (30, 200) GeV/c 2 
and pt > 40 GcV/c. The main processes contribut- 
ing to the background are H^/Z+jets, it and multi-jet 
events. The fraction of diboson events is extracted by 
a binned fit to the invariant mass distribution of the 
hadronic boson candidate. The relative normalization 
of W/Z+]ets and tt is set according to their production 
cross sections, while a Gaussian constraint is applied to 
the multi-jet component. The expected value and width 
of the multi-jet constraint are extracted by a fit to the 
I$t distribution. The invariant mass distribution of the 
hadron ic b oson candidate in the selected events is shown 
in Fig. HO.I Thc measured cross section for the production 
of WV events (with V = Z, W) in pp collisions is: 

o(pp -> WV) = 14.4 ± 3.1 (stat.) ± 2.2 (syst.) pb. 

The statistical significance of the measurement is 4.6 
standard deviations. 

The CDF collaboration analysed a subset of the data 
sample described above, corresponding to an integrated 
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Fig. 10. Invariant mass distribution for the hadronic boson can- 
didate, compared with the signal and background distribu- 
tions normalized according to the measured fractions (up- 
per). Background-subtracted invariant mass distribution for 
the hadronic candidate in W Z /WW — ¥ lujj events (lower). 



luminosity of 2.7 fb -1 , with a matrix element based tech- 
nique, in order to maximize the use of coll ected informa- 
tion for signal-background separation [15] . 

The procedure applied to calculate the event proba- 
bility densities (P m ) under the signal and background 
hypotheses is analogous to that described for the WW 
analysis. The event probability densities are used to con- 
struct an Event Probability Discriminant (EPD), de- 
fined as: 



EPD = 



Pww + Pwz 
Pww + Pwz + p i 



where the index i runs over all the background sources. 
The resulting template distributions for signal and back- 
ground processes are fit to the data using a binned like- 
lihood approach (Fig. 111. p . The measured cross section 
is: 

a(pp -» WV) = 17.7 ± 3.1 (stat.) ± 2.4 (syst.) pb. 

The probability that the observed excess originated from 
a background fluctuation (p-value) is 3.5 ■ 10 -8 which 
corresponds to a statistical significance of 5.4 standard 
deviations. 




0.2 0.4 0.6 0.8 1 
Event Probability Discriminant 

Fig. 11. EPD distribution for candidate diboson events com- 
pared with the likelihood fit of the sum of signal and back- 
ground templates. 



3.7. W-t&r+jj 

The measurement of the production cross section of 
diboson events in pp collisions utilizing hadronic final 
states, has been performed by the CDF collaboration on 
a data sample corresponding to 3.5 fb -1 (11)] . 

The events are reconstructed in final states with large 
E T and 2 identified jets, and are acquired with a set 
of Et based triggers. The analysed final state provide 
acceptance for ZV events in which the Z boson decays in 
neutrinos and the other boson decays hadronically, and 
also for WV events in which the W decays lcptonically 
and the charged lepton is not reconstructed. The main 
processes contributing to the background are W/Z+ jets 
and multi-jet events. In order to reduce the multijet 

background events withi^ ff < 4 or A<j)($T,j) < 0.4 are 

rejected, where E^ 19 is the^r significance and A(j)(ffT,j) 
is the angle in the transverse plane between the J^t and 
the closest jet with Et > 5 GeV. 

After all cuts are applied 44910 diboson candidate 
events are selected. The final dijet mass fit is an un- 
binncd extended maximum likelihood with jet energy 
scale, and the slope and the normalization of the multijet 
background treated as nuisance parameters and allowed 
to float in the fit within their predetermined uncertain- 
ties. The normalization of the W/Z+jets component is 
also freely floating in the fit with no constraints. The 
statistical significance of the measurement corresponds 
to 5.3 standard deviations. 

The measured cross section is: 

o(pp -t VV) = 18±2.8 (s*oi.)±2.4 (syst.)±l.l (lumi.) pb 



CDF Runll Preliminary 




Fig. 12. Distribution of the angle in the transverse plane be- 
tween the Et and the closest jet with Et > 5 GeV. The 
green line indicates the analysis region. 
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Data (3.5 fb -1 ) 
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□ Background 
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120 140 160 
Dijet mass (GeV/c 2 ) 
Fig. 13. Distribution of the invariant mass of the hadronic bo- 
son candidate compared with signal and background distri- 
butions. The background-subtracted distribution is reported 
in the bottom plot. 



in agree ment with the SM calculations of 16.8 ± 0.5 pb. 

In Fig. I13.l the selected candidate VV events are com- 
pared with the signal and background distributions, ac- 
cording to the fit results. 

4. Conclusions 

Recent results on the study of the diboson production 
at Tevatron have been presented. Both the measure- 
ments of the production cross sections and the limits on 
TGC parameters are competitive with the previous re- 
sults from LEP and consistent with the SM expectations. 

The production cross sections measured for diboson 
processes by CD F and D0 collaborations are summa- 
rized in Fig. 114.1 

All the presented results will be further improved uti- 
lizing the increasing available statistics of the collected 
data. 

The Large Hadron Collider (LHC) will collect in the 
next years a data sample of proton-proton collisions at 
a center-of-mass energy of 14 TeV. At this energy the 
production cross sections of diboson processes will grow 
by approximately an ord er of magnitude, with respect to 
the Tevatron energy [17j . Since the design instantaneous 
luminosity of the LHC is C = 10 34 cm -2 s _1 , the diboson 
production rates will exceed those of the Tevatron by a 
factor ~ 100. Furthermore, because of the higher center- 
of-mass energy, the sensitivity of the LHC experiments 
to the anomalous TGC's will be further enhanced. 
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